IN THE FIGURES : 

Please delete Figure 6-Figure 30 in the application. Figure 1 -Figure 5 should remain the same 
as originally shown. 
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REMARKS 

The Specification has been amended to incorporate the continuity information, correct 
several clerical errors, and to clarify the invention. Figures 6-30 have been deleted for clarity. 
Claims 1, 3, and 6 have been amended to recite aspects of the invention not previously 
highlighted. Claims 9-32 have been cancelled without prejudice. No new matter has been 
introduced. Entry of this amendment is respectfully solicited. 



Respectfully submitted, 



600 13 th Street, N.W. 
Washington, DC 20005-3096 
Phone: 202.756.8000 MEF:sln 
Facsimile: 202.756.8087 
Date: February 1, 2006 




WILL & EMERY LLP 



Please recognize our Customer No. 20277 
as our correspondence address. 
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SOLID-STATE IMAGING DEVICE, MANUFACTURING METHOD FOR 
SOLID-STATE IMAGING DEVICE, AND CAMERA USING THE SAME 

5 - - Related Application 

This application is a national phase of PCT/JP2004/011400 filed 
on August 2, 2004, which claims priority from Japanese Application 
No. 2003-285254 which was filed on August 1, 2003, the disclosures 
of which Applications are incorporated by reference herein. The 
10 benefit of the filing and priority dates of the International and 
Japanese Applications is respectfully requested. 
Technical Field 

i 

The present invention relates to a solid-state imajging device, 
a manufacturing method for a solid-state imaging device, and a camera 
15 using the same, and in particular to a technique for achieving a 
color solid-state imaging device of improved performance and smaller 
size . 

Background Art 

In solid-state imaging devices, light receiving elements 
20 corresponding to red (R) , green (G) , and blue (B) are arranged, for 
example, in a Bayer array. FIG. 1 is a schematic cross -sectional 
view illustrating a construct ion of a conventional solid- state imaging 
device. As shown in FIG.l, a solid-state imaging device 1 includes 
an N-type semi-conductor layer 101, a P-type semiconductor layer 

! 

25 102, light receiving elements 103R, 103G, 103B, an insulation layer 
104, light shielding films 105, color filter 106R, 106G, and 106B, 
and collective lenses 107. 
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The P-type semiconductor layer 102 is formed on the N-type 
semiconductor layer 101. The light -receiving elements! 103R, 103G, 
and 103B are buried in the P-type semiconductor layer 102, so as 
to be in contact with the insulation layer 104. Here, the 
5 light -receiving elements 103R, 103G, and 103B are separated from 
one another, with separation parts of the P-type semiconductor layer 
102 therebetween. The light shielding films 105 are buried in the 
insulation layer 104, so as to be positioned above the separation 
parts of the P-type semiconductor layer 102. 
10 The color filters 106R, 106G, and 106B are of the type that 

contains fine pigment particles, and have a thickness of approximately 
1 . 5 fim to 2 . 0 fxm . The pigment particles have a diameter of approximately 
0.1 /im. 

The color filter 106R is provided on the insulation layer 104 

15 so as to oppose the light -receiving element 103R. Similarly, the 

color filter sections 106G and 106B are provided on the insulation 

layer 104 so as to oppose the light -receiving elements 103G and 103B 

respectively. One of the collective lenses 107 is provided on each 

of the color filter 106R, 106G, and 106B. 

20 Of the light that has passed through the corresponding 

collective lens 107, the color filter 106G transmits only green light, 

and the green light is collected on the light -receiving element 103G. 

The light . shielding films 105 prevent the green light, which has 

been transmitted through the color filter 106G, from entering the 

25 light -receiving elements 103R and 103B. Here, the light -receiving 

i 

elements 103R, 103G, and 103B convert luminance of received light 
into an electric charge by photoelectric conversion, and store therein 
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the electric charge. 

Such a solid-state imaging device appears, for example, in 
Japanese Laid-open Patent Application No. H05-6986, and in 
"Kotaisatsuzousoshi no kiso" (The basics of solid-state imaging 
5 devices) , Nihon Rikou Shuppannkai (Japan Science and Technology 
Publishing) , by Andoh and Komobuchi, the Institute of Image, 
Information and Television Engineers, December 1999, |p. 183-188. 

Disclosure of the Invention 

10 With light entering a solid-state imaging device from various 

directions, there is a risk of the light that enters obliquely 
(hereinafter oblique light) being received by a light -receiving 
element other than the intended light -receiving element, thereby 
degrading color separation, decreasing resolution and wavelength 

15 sensitivity, and increasing noise. 

Moreover, in order to increase the resolution of a solid-state 
imaging device its pixels have to be reduced in size. However, there 
is a limit as to how far the size of the pigment particles can be 
reduced, beyond which a loss of sensitivity and color uniformity 

20 inevitably occurs. 

In order to solve these problems the present invention is a 
solid-state imaging device including: apluralityof light -receiving 
units two -dimensionally arrayed in a semiconductor substrate ; a filter 
unit operable to transmit incident light of selected wavelengths 

25 to the plurality of light receiving units; and a light shielding 
unit operable to shield incident light, the light shielding unit 
having a plurality of apertures, each aperture opposing a 
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I 

corresponding light receiving unit, wherein on a path! of incident 
light from the light shielding unit to the plurality of light shielding 
1 ight - receiving units, the filter unit is disposed between the light 
shielding unit and the plurality of light-receiving units. 
5 With this construction, oblique light can be shielded such 

that it does not enter the filter unit, and i to reduce color mixing 
can therefore be reduced. 

Here, the solid-state imaging device may further include a 
condensing unit operable to condense incident light on the 

10 corresponding light -receiving unit disposed in each of the plurality 
of apertures in the shielding unit . 

With this construction, the condenser unit concentrates light 
on the appropriate light -receiving unit, and color mixing can 
therefore be reduced. 

15 Further, the f ilterunit maybe composed of an inorganic material . 

According to this construction, the filter unit can be manufactured 
in a series of semi-conductor substrate manufacturing processes, 
and it is therefore possible to improve the yield of solid-state 
imaging devices and reduce manufacturing costs . 

20 The filter unit may have a multilayer film structure. With 

this construction, the thickness of the filter unit can be reduced, 
contributing to a reduction in the overall size of the solid-state 
imaging device. 

The filter unit may be composed of photonic crystal . Further, 

25 the present invention is a solid-state imaging device including: 
a plurality of light -receiving units two -dimensional ly arrayed in 
a semiconductor substrate; and a filter unit operable to transmit 
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light of selected wavelengths to the plurality of light receiving 
units, wherein the filter unit is composed of photonic crystal. 
According to this construction, the filter unit concentrates oblique 
light on the appropriate receiving unit, and it is therefore possible 
5 to prevent color mixing. 

Further the present invention is a camera including the 
solid-state imaging device having a plurality of light-receiving 
units t wo -dimensionally arrayed ina semiconductor substrate / a filter 
unit operable to transmit incident light of selected wavelengths 

10 to the plurality of light receiving units; and a light shielding 
unit operable to shield incident light, the light shielding unit 
having a plurality of apertures, each aperture opposing a 
corresponding light receiving unit, wherein on a path of incident 
light from the light shielding unit to the plurality of light sh ie ldin g 

15 light -receiving units, the filter unit is disposed between the light 
shielding unit and the plurality of light -receiving units. 

Further, the present invention is a camera including a 
solid-state imaging device having: a plurality of li gilt -receiving 
units two -dimensionally arrayed in a semiconductor substrate; and 

2 0 a filter unit operable to transmit light of selected wavelengths 
to the plurality of light receiving units, wherein the filter unit 
is composed of photonic crystal. According to this construction, 
it is possible to provide a camera capable of preventing color mixing 
and of taking high quality images. 

25 Further, the present invention io a solid state imaging device 

including a filter unit operable to transmit incident light of selected 
w avelengths of order A, wherein the filt e r unit is a dielectri c 
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multilayer film that includes two A/4 multilayer filmo, — and an 
insulation layer oandwiehed between the A/ 4 multilayer films , the 
insulation layer having a thickncoo other than A/4 . 

Being formed using a dielectric multilayer film as described 

5 abov e , the filter unit can have a smaller thickn e ss. This prevents 
oblique light from reaching a pixel adjacent to an intended pixel, 
thereby improving the color separation function. Note that, in this 
specification a A/4 multilayer film means a film composed of multiple 
layers, each of which has a thickness of approximately A/4. 

10 Here, — the — dielectric — multilayer — film — may — includ e : — the 

insulation layer having an optical thickness other than A/4, — the 
two A/4 multilayer films, each including a first dielectric layer 



having an optical thickness of A/ 4 and being — made of a materi al havin g 
a different refractive index from a material of the in s ulation lay er, 

15 a second dielectric layer having an optical thiclcncss of A/ 4 and 
being made of a material having a refractive index equal to the 
refractive index of the material of the insulation layer, the first 
dielectric layer being formed on a main surface of the insulation 
layer, the second dielectric layer being formed on a main surface, 

2 0 of the first dielectric layer, that faces away from the insulation 
layer . 

Here, the optical thickness of the insulation layer may be 

set — s uch that the filter unit tran s mits light of the selected 

I 

wavelengths of order A. 

2 5 According to — this — construction, — color separation can be 

realized using a filter unit whose thicJcncss — is — substantially 
eq uivalent to the wavelength of incident light (approximately 500 
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nm) . As a result, the filter unit can have a smaller thickness, which 
io effective in reducing the degradation of the color Gcparation 
function caused by oblique light. 

Here, — in — a — portion — ef — the — dielectric — multilayer- — film 

5 corresponding to a light receiving unit, the insulation layer may 
have one or more through holes or grooves which penetrate in a direction 
vertical to the main surface of the insulation layer and arc filled 
with a same material as the material forming the first dielectric 
layer, the filter unit may transmit light of a wavelengt h determin e d 
10 ac c ording to a ratio between an area of the one or more through holes 
or grooves, and an area of the insulation layer excluding the one 
or more through holes or grooves, when the insulation layer is seen 
in pl an view. 

According to this construction, — in the insulation layer , 

15 materials of differing refractive index arc alternately disposed 
in a direction parallel to the main surfaces of the insulation layer. 



This alters an effective refractive index experienced 



by incident 



light, thereby enabling wavelength selection to be realiz e d. In thi s 
way, — color separation can be realized using a filter unit having 

2 0 a thickness substantially equivalent to the wavelength of the incident 
light (approximately 500 nm) . As a result, the filter unit can have 
a smaller thickness, and significantly inhibit the degradation of 
the color separation function caused by oblique light. Furthermore, 
since there is no need to vary the thickness of the insulation layer, 

25 the manufacturing process — can be — simplified, — and — stable — color 
separation characteristics realized. 

Here, the solid state imaging device may further include a 
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plurality of light receiving unito two dimensional ly arrayed in a 
semiconductor substrate, wherein each port ion of the insulation layer 
corresponding to a light receiving unit has an inwardly inclined 
lateral surface . 

5 According to this construction, the filter unit can concentrate 

incident — light. — This — can further prevent — degradation of — color 
separation. 

Here, solid state imaging device of the present invention may 

furth e r include a plurality ef light receiving units 

10 two dimcnsionally arrayed in a semiconductor substrate, wherein 

incident on 



a region of the insulation layer through which light 
a corresponding light receiving unit is to be transmitted has a 



plural ity of sections, — each having a different thickness. 
By forming an insulation layer having two or more differing 

15 thickness within a single pixel in this way, it is possible to widen 
the passband for entering the corresponding light receiving unit, 
and consequently, to improve wavelength sensitivity for each color. 

Here, an absorbing member for absorbing light reflected by 

the dielectric multilayer film may be provided on the side of the 

20 dielectric multilayer film to which the light is reflected. Further 
the absorbing member may be a color filter containing pigments or 
dyes. This construction can reduce the occurrence of noise due to 
l ight r e flected by the dielectric multilayer film. 
Further , — the present invention is a camera including the 

25 solid state imaging device having the filter unit that is composed 
of a dielectric multilayer film and transmits incident light of 
se l e cted wavelengths of order A, wherein the filter unit i s adiclc efer-ire 
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multilayer film that includes two A/1 multilayer films, — and an 
insulation layer sandwiched between the A/4 multilayer films, the 
insulation layer having a thiclcncoo other than A/ 1 . — With this 
construction the camera can offer the favorable property of reduced 
co l or mixing. 

Further, the present invention is a manufacturing method for 

a solid state imaging device including a filter unit that transmits 
incident light of selected wavelengths of order A, the filter unit 
being formed by conducting the following steps: a first forro afeLen 
step of forming a first dielectric multilayer film on a s emiconductor 
substrate, — the first dielectric multilayer film consisting of a 
plurality A/4 optical films; a second formation step of forming a 
% fir s t insulation layer on the first dielectric multilayer film; a 
#i rst removal step of removing the first insulation layer except 
for a f irs t region; a third format ion step of forming a second insulation 

layer on the first dielectric multilayer film and the first region 

i 

of the first insulation layer; a second removal step, of removing 
a second region of the second insulation layer, the s e cond region 
being positioned on the first dielectric multilayer film; and a fourth 
formation step of forming a second dielectric multilayer film on 
the second insulation layer and the first dielectric multilayer film, 
the second dielectric multilayer film consisting of a plurality of 
A/4 optical films . 

When manufacturing a solid state imaging device having a filter 

that is formed using a dielectric multilayer film, it is essential 
to control the thiclaicss of each layer of the filter at the level 
o f nan o meters, in order to attain ideal wavelength select io n^-By 

i 

9 ! 
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utilizing the above described film formation procoGO performed under 
optimal conditions, the thickness of each of the laycro making up 
the diclcetric multilayer film con be controlled on the wafer to 
within plus/minus 2% of a uniform thickness distribution . 

5 Further the present invention is a manufacturing method of 

a solid state imaging device including a filter unit that transmits 
incident light of selected wavelengths of order A, the filter unit 
being formed by conducting the following steps : a first formation 
&fcep- of forming a first dielectric multilayer film on a semiconductor 
10 substrate, — the first dielectric multilayer film consisting of a 

i 

plurality A/4 optical films; a second formation step of forming a 
first insulation layer on a first region of the first dielectric 
multilayer film by using a liftoff method; a thir d f o rmation st e p 
of forming a second insulation layer on a second region of the first 

15 dielectric multilayer film by using the liftoff method, the second 
region being different from the first region; and a fourth formation 
step of forming a second dielectric multilayer film on the first 
insulation — layer , — the — second — in s ulation — layer , — and — the — fir s t 
dielectric multilayer film, the second dielectric multilayer film 

20 consisting of a plurality of A/1 optical films. 

Using the liftoff method to form an insulation layer in the 

filter unit realizes the same effects of more favorablyj controlling 
the thickness of the insulation layer, and reducing variation in 
the thiclencss, 

25 Further, the present invention is a manufacturing method of 

a solid state imaging device including a filter unit that transmits 
incident light of selected wavelengths of order A, the filter unit 
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being formed by conducting the following otcpo : a firat formation 
atop of forming a firot multilayer dielectric film on a ocmiconductor 
subotratc, — the firot multilayer dielectric film conoioting of a 
plurality A/1 optical films ; a second formation atop of forming a 
fir a t insulation layer on the fir s t dielectric multilayer film; a 
firat removal atop of removing the firat insulation layer except 
for a firat region; a third format ion otcp of forming a second insulation 
layer on the firot inoulation layer in a second region that ia within 
■t-hc firat region, and on a region of the firot dielectric m ultila y er 
•fi lm where the firat insulation layer io not formed, by using a liftoff 
method; and a fourth formation step of forming a second dielectric 
multilayer film on the firot inoulation layer, the second insulation 
layer, the second dielectric multilayer film con o i o ting of aplurality 
of A/4 optical filmo. 

To form an inoulation layer having three levels of thickncoo, 



three layer formation otcpo arc generally required. According to 
the above manufacturing method, however, the combination of etching 
and liftoff mcthodo enable an inoulation layer having three l e vclo 
of thiclcncoo to be obtained in only two layer formation otcpo. Thuo, 
the filter formation proccoo can be oimplificd. Thio ohortcno the 
turnaround time, — and rcducco the manufacturing coot . 

Further, the prcocnt invention io a manufacturing method of 

a oo lid otatc imaging device including a filter un it t h a t transmits 
incident light of oclcctcd wavelengths of order A, the filter unit 
being formed by conducting the following otcpo : a firot formation 
otcp of forming a firot multilayer dielectric film on a ocmiconductor 
substrate, the firot multilayer dielectric film conoioting of a 
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plurality A/ 4 optical filmo; a accond formation atcp of forming a 
firat inoulation layer on the firot dielectric multilayer film; a 
first removal atcp of removing the firot inoulation layer except 
for a firot region ; a third format ion atcp of forming a accond insulation 
5 layer on the firat dielectric multilayer film and the f ir o t region 
of the firat inaulation layer, the accond inaulation layer being 
made of a different material from the firat inaulation layer; a accond 
removal atcp of removing the accond inoulation layer, except for 
a-^o:r tion in a accond region on the fir a t in a ulation lay e r; an d a 

10 fourth formation atcp of forming a accond dielectric multilayer film 
on the firot inoulation layer, the occond inaulation layer, and the 
firat dielectric multilayer film, the aecond dielectric multilayer 
-firlm conoioting of a plurality of A/4 optical film o . 
To form an inoulation layer having three love la of thickncoo, 

15 three layer formation otepo arc generally required. According to 
the above manufacturing method, however, uaing an inaulation layer 
compoocd of mutually differing materials and performing aclcctivc 
e tchi n g e nable an inaulation layer having three levels of thickncoo 
to be obtained in only two layer formation steps . Thuo, the filter 

20 formation proccoa can be oimplificd. Thio ohortcno the turnaround 
time, — and rcducco the manufacturing coot . 

Further # the prcacnt invention ia a manufacturing method of 



a oolid otatc imaging device including a plurality of light receiving 
unito two dimcnoionally arrayed in a semiconductor substrate , and 
25 a filter unit that tranomito incident light of oclcctcd wavclcngtho 
of order X, the filter unit including two dielectric multilayer filmo, 
e ach c onoioting of a plurality of A/4 optical filmo , and on insul-a-t-ion 
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layer sandwiched between the two dielectric multilayer films, the 
manufacturing method including: a formation step of forming a resist 
in a middle of each of a plurality of insulation layer portions that 
oppose the plurality of light receiving units; and a shaping step 



5 of shaping the insulation layer portions by etching, to give each 
insulation layer portion at least one inclined lateral surface. 

Here, in the formation step, the resist may be formed so as 

to have an inclined lateral surface . Moreover, in the formation step, 
the re s ist may be formed so as to have an inclined lateral surface, 
10 by varying an amount of closure to light. 

Here, the solid state imaging device may further include a 

plurality of light receiving units two dimensionality arrayed in a 
•sem icondu c tor substrate, the filter unit transmitting li gh^-ef 
differing wavelengths according to a corresponding light rec e iv ing 
15 unit, wherein (i) lack or presence of the insulation layjer, (ii) one 
of the thickness and material of the insulation layer, or (m) a 
combination of thiclmcss and material of the insulation layer differ 
depending on the wavelength of light to be transmitted to the opposin g 
- light receiving unit . According to this construction, color separation 
20 can be realized by the multilayer dielectric film, the presence of, 
and where present, the material and thiclcncss of the inoulation layer 
in the multilayer film depending on the corresponding light receiving 
clem e nt . 

Here, the solid state imaging device may further include : a 

25 plurality of light receiving units two dimensionality arrayed in a 

semiconductor substrate, and the filter unit transmitting light of 

i 

diff ering wavelengths according to a corresponding light r e ceiving 
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construction, — fche — same — distance — con be — achieved — between — each 
light collecting unit and a corrcoponding light receiving unit. 
Therefore, light collecting units having the Game focajl length can 
be used for the oolid state imaging device, regardless of different 
5 wavelengths of light to be received by the light receiving uni-fc&r- 
As a result, the number of typco of parts in the solid state imaging 
device can be reduced, enabling ito manufacture to be simplified, 
and manufacturing costs reduced accordingly. 

Further, the present invention is a solid state imaging d e vice 

10 including a plurality of light receiving units two dimcnsionally 
arrayed in a semiconductor substrate ; and a filter unit that transmits 
incident light of wavelengths of order A, wherein the filter unit 
-In clud es a diele c tric multilayer film including dielectric la yers 

ei-few e types , each type having a different refractive index , a di s tanc e 

I 

15 between (i) the plurality of light receiving units and a higher 

refractive index layer that is positioned closest, among the higher 
refractive index layers in the dielectric multilayer film, to the 
plurali t y of light receiving units falls within a rang e of 1 n m-and 
A inclusive. According to this construction, the color filter and 

20 light receiving elements are in contact with each other. This enables 
more reliable prevention of the degradation of color separation caused 
by oblique light. 

Further, the present invention is a solid state imaging device 

including a filter that transmits light of selected wavelengths of 

25 order A, and a two dimensional array of unit pixels, each unit pixel 

i 

including! a light receiving unit operable to detect an intensity 
e#^ .ight ; and a filter unit portion composed of a mul t ilaycr dielectric 
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film that transmits one of red light, green light, and blue light, 
wherein the plurality of unit pixels arc arranged in Bayer array 
according to a color of light transmitted by the filter unit portion, 
in ouch a manner that every square area including four adjacent unit 
5 pixels has two unit pixels that each include the filter portion that 
transmits blue light. As regards its transmission characteristics, 
a dielectric multilayer film has a smaller full width at half maximum 

for blue light than for red and green light. However, by employing 

i 

•the- abovc arrangement, the detection bandwidth for blue light con 
10 be widened, and the sensitivity of the solid state imaging devic e 
improved accordingly. 

As described above, since the solid state imaging device of 

-the pres e nt invention has light shielding film formed above t he 
wavelength selection layer, the entry of oblique light from narrow 

15 angles into adjacent pixels is inhibited. 

Moreover, since a micro lens is formed in each of the apertures 

in the light shielding film on the substrate, the amount of oblique 
light entering the substrate from wide angles, which is the light 
most likely to enter adjacent pixels, is reduced and the amount of 

20 light concentrated on the pixel corresponding to the micro lens is 
increased. 

The wavelength selecting layer is a color filter, and since, 

with the above arrangement, light passing the light shi e lding fi l m 
will pass exclusively into the desired color filter and subsequently 
25 enter the light receiving unit , it is possible to prevent color mixing . 

Since the wavelength selecting layer is constructed from 

irner- ganic materials, it can be formed using a proce s s at som e point 
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during the semiconductor manufacturing proccao. — Consequently, 
manufacture of the solid otatc imaging device can be simplified. 



constructed 



Moreover, since the wavelength selecting layer is 

from a multilayer film, the layer that selects wavelength can be 
5 mad e thinner and the distance between the light shielding film and 
the light receiving elements reduced. Consequently, color mixing 
can be prevented and the amount of collected light increased. 

The solid state imaging device of the present invention 

i ncludes a wavelength selecting layer constructe d fro m pho fcenie 
10 crystal that selects the wavelengths of light that arc to enter the 
corresponding light receiving elements, which arc two dimcnsionally 
arranged in the semi conductor substrate . As the wavelength selecting 
- layer i s characterized by being constructed from photonic crystal, 
e ven when oblique light enters the wavelength selecting layer of 



15 one of the pixels, light within the specified range of wavelengths 
is conducted vertically by the photonic crystal to the light receiving 
elements, and other light is stopped. Consequently, light entering 
-fehe- color filter of one pixel docs not enter any of the color filter 
sections of adjacent pixels, and colormixing can largely be prevented. 

20 Here, — the present invention includes a camera having the 

above described solid state imaging device. When a camera having 
the above described characteristics is used, high quality images 
exhibiting very low levels of color mixing arc obtain e d. 
In the solid state imaging device manufacturing method of the 

25 present invention, in the manufacturing process to form, above the 

i 

optoelectronic conversion units, the dielectric multilayer film that 

i 

s plit s incident light according to wavelength, — t h e method— for 
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□optionally varying the thiokncoo of the inoulatian layer in order 
L o rcalicc the color oplitting function makes uoo of a film forming 
process that effectively generates variationo in the f ilm thiclmess 
as the film io formed, rather than dry etching or wet etching to 
vary a thiolaieoo of a film that has already been formed. This enables 
better control of the film thiclmess, and reduction in uncvonnooo 
in the film. 

The above described oolid state imaging devices have the 

die^eeti ic multilayer film above the photoclc cLi- ic co nvert in g u nit 
in order t o separate incident light aocording to wavelength. Here, 
the color reparation can be realised by a oingle dielectric layer, 
included in the dielectric multilayer film, whose thiclmess varioo 
between sections. This means that color separation can be reali zed 
usi- n y t h e dielectric multilayer film havin g a L hiclmcss sub o t nnt i aHy 
equivalent to the wavelength of incident light (approximately 500 
nm) . Ao a result, the color filter can be made thinner, and it is 
possible Lo oignifioantly reduce the de g radation of the color 
sep aration func ti on "i" n ^ nhliquc light. 

Brief Description of the Drawings I 

FIG. 1 is a cross -sectional view illustrating a construction 

of a solid-state imaging device ,- 

FIG. 2 is a plan view illustrating a construction of a 

solid-state imaging device of a first embodiment of the present 

invention ,- 

FIG. 3 is a cross -sectional view illustrating a construction 
of a solid-state imaging device of the first embodiment of the present 
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invention; 

FIG. 4 is a cross-sectional view illustrating a construction 
of a solid-state imaging device of a #i#*h third embodiment of the 

present invention; 

lie . D i jac ro- eeefeienal . ie w i 1 in^rnfeing^am.f^et-u^ag 
. u uL U u d of a ru l u J. mt 'i - nf the fift h emfeedtot uf Mnr pm-mfe 
invention; 

m H rn- -v , nr ncp c nnf- j ui ial illuotrnti n g a 

maH^oLu. iuy muLhu.l nf i nn! nr l il Lu, uf ., fifth nmhodi m ettt^he 

present invention; 

riC D. 7J- t o 7€ n - — . l innal views ill a:itrnti n g n 
fflaHt ^ aeteag ^ agfflete fe o d uf a uo lor f i 1 t-nr*etoL ln y Lo the: c i ^ embodiment 
of— tnu present invent ion r 

__^e^A Lu OF arc .ro^s^eeto^^^ 

. i -i ,,r n m l nr filter o f n pnirrrifh embodiment of 
manufacturing method of a colo r Ui - 

thc preacnt invention; - 

rl Cr n A nir are e^ees nnnrin .nl viowo j ^s^a^g-^ 

L l ic present invention; 

rIC i n g j ^ . t , muntrn t iim transm i u uion ohar mtcriotioc 

of the color f ilte^L iu y L o the f i f th-^edimc uL of the pm geafe 
invention; 

nr . n i" i j pfe n innti -ntin a t ransmissio n charactori sties 
ebserved ,h u u o n upL.i .1 tokness of a spacer layer i n the col or 
f ilL u r relat e Lu U.. fifth nmbn^i m en^f-tl i o ^ese ^fe i rr m nHea 
has strayed from a designed value; 

rI Cr | nn nm nn n oeL i u nal vi e ws n 1 n nt rafebng-a 
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H Ui x ufa L.L u i.ii iJ uirthnri n f a ou l ui rillrr ul a nin th mi h n flineBte^he 
present invention; 

ri C. ri-i:r , L n i^b*BfegcM bag nrr-otm ol i ai- a c tcri ^in n of 
fe he uu l ui l iU rr ml nL iu u Lo t hr n iu L h c mb odimr.uL u £ the p m-onfe 
ion i 

rig . i4Aand 1 ID atom gra ph s illuotrat 3 fig diclcotri c multilayer 
Liaiu»aJJinn etoefee^fe^ea . t i d i d iff er -.nnur ding t o t ho 
pr cacncc or lack of a opaecr layer; 

n cr 3^3 I - 3^B-^ - -vnnn ncc L i u nal views i 1 t itrating a 

10 fflam ^aet^iHg- ^ Ll i u a o f a co lor ^^feer-ef- u te nth embo dji men^ef-^e 

I 

present invention ,- 

l - I Ci . 1 nr.l-m ir — r eefed n m l - ,icwo illust r ating a f * *efe 
man u f a c turing m ntbe^-ef-^u l u, filter of ^n-ej^ven^H^eto^ 

o f the prcacnt invention,- 
15 m r r ,. - i ^r n , ^■□ti oi ial/ieweinu^ Lj. a t inga frnnond 

maral a .Lu. iii u m.Uinn nf tl i c color f IT Lux e lating fe e t no-e^evenfen 
e mb o diment of the proo u iL inven tion ,- 

FIG3 . iQA to I P C are a cr o-s- seefcienal vi ew- illu^ra^ag-e 

m au u f a oLu. ii i j mrrnnr! n f a e eio* f ilt-ra ul a t welfth p e diment of 

20 the preacnt invention; 

rice. 3r9A fee i9S aa=e gross seefe^enai viowo illustrat in g a 

H^aetux iiiu m.Lliu d of a nnlo r l il Lux ul a t hi rtnontfeH^ediment 
o f the present invention; 

ri CJ "O A fee aes — e fess n nr.L ional views illuatrat in g n . 

25 mara-l a .Lu,ri i y mefeheei nf 1 , m nr film, a f u u . L u.nfh nmbodimenfe 
of the pre pent invention; 

T ier. -In 1 "1" — e^ess seefe^eaal vi e ws i 1 In nt rnfeL«g-a 
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_ n - g n w f ilter o f a m™^ f ^ nntion example 
ffiuxml a uLLain g m ot h-ad of a £iu l ui I xlt cr nr n ^« 

-(1) of tlie present inventi on- r 

.^^-^^^^^ 

5 present inventi on r 

____ gi ^3 13 a aro n n see ^al *** * * ilJ u nl -^afeto g a oo natruct irm 

1 , a grap h i^wfesaL iifa trancm i ^^-^ actcrioti ns 
10 present inventi on;- 

15 present invention 

-feke— prescxiL inventi on r j 

TO . 20 in a grngh^H ^ uLi ng tr .n-mj^^toaefee^^es 

prcocnt invent ion r 
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_ FS& ^_^ tes ^ afee ^^ a ixaiig^ m cnt- n f fe^eote filter, of. 



a-moa iliaati on (C) o f the p reseafe^e^ 
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Best Mode for carr ying Out the Inv ention 

The following describes, with reference to the figures, a 
solid-state imaging device, a manufacturing method for aj solid-state 
imaging device, and a camera, which relate the present invention. 
5 (1) First Embodiment 

FIG. 2 is a plan view illustrating the construction of the 
solid-state imaging device of the first embodiment. As shown in FIG. 
2, in the solid-state imaging device of the first embodiment, unit 
pixels (shaded parts), which are light -receiving units, are 
L0 two-dimensionally arranged. A vertical shift register selects a row, 
and a horizontal shift register selects a signal in a pixel in the 
selected row. In this way, a color signal corresponding to each pixel 
is output through an output amplifier (not illustrated) . A driving 
circuitcausestheverticalshiftregister,horizontalshiftregister, 

15 and output amplifier to operate. 

FIG. 3 is a cross-sectional view illustrating the construction 
of a solid-state imaging device 2 of the first embodiment of the 
present invention. Specifically, it shows three neighboring pixels 
in cross-section. As shown in FIG. 3, the solid-state imaging device 
20 2 includes an N-type semiconductor substrate 201, a P-type 
semiconductor laye* substrate 202, light-receiving elements 203R, 
203G, and 203B, insulation layers 204 and 206, color filter 205R, 
205G and 205B, a light shielding film 207, and micro lenses 208. 

The P-type semi-conductor substrate 202 is formed on theN-type 
25 semiconductor substrate 201 . The light receiving elements 203R, 203G, 
203B are photodiodes (photoelectric converting elements) composed 
of a P-type semi-conductor substrate layer infused jwith N-type 
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impurities , andare in contact with the light-transmitting insulatrng 
layer 204. The light-receiving elements 203R. 203G. and 203B are 
separated £rcm one another by corresponding parts o£ the P-type 
semicondnctor suhstrate, each o£ which acts as a separation part 
s between two neighboring elements. The color filter 205R. 205= and 
205B is formed on the insulating layer 204. 

Eachsectionof checolorfilter205R. 205G, and205Be*clusively 
passes R, G, or B, accordingly, where R, G. and B denote the primary 
colors of light. The color filter 205R, 205G, and 205B is of the 
L0 type containing fine pigment particles closed of an inorganrc 
material, and its sections are arranged in a Bayer array or 

complementary color mosaic. 

A light-transmitting insulating layer 206 is formed on the 
color filter 205R. 205G, and 205B. The micro lenses 208 are disposed 
15 in one-to-one correspondence with the light-receiving elements, and 
are separated from one another by the light shielding film 207 . bight 
incident upon the light shielding film is reflected. On the other 
hand, light incident on any of the micro lenses 208 is concentrated 
on the corresponding light-receiving element 203R, 203G, or 203B. 

With this construction, it is possible to reduce , in comparison 
Co conventional technics, the distance between the color filter 
and the receiving element, and therefore to reduce the livelihood 
of obligee light entering the receiving elements. For instance, rf 
the width of one of the receiving elements 203R. 203g1 or 203B rs 
25 3 urn, it is possible to reduce color mixing by approximately 80% 
in comparison to conventional techniques. Further, the solid-state 
imaging device 2 can be entirely manufactured using semi-conductor 
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, fhpr pf 0 re be manufactured simply and at 
related processes, and can theretore 

low cost . 

[2] Second Embodiment 

The following describes the second embodiment of the present 
invention. The solid-state imaging device of the second embodiment 
largely resembles that of the first embodiment, but differs in that 
the color filter is composed of photonic crystals. 

Photonic crystals are microstructures in which toterials of 
differing permittivities and refraction indices, such as the 
semiconductor substrate and air for instance, are arranged rn 
alternating layers, such that two contacting layers have a thicKness 
of the order of the wavelength of light. Besides functioning as a 
filter that transmits only light of a specific wavelength, photonic 
crystals have the property of conducting incident light in a specific 
direction. Photonic crystals that do not transmit light of the 
particular range of wavelengths corresponding to the width of therr 
band gap. namely photonic crystals having a photonic band gap are 
introduced in the following document: 

NODASusumu. HORIMOTO Shigeo . "Nai^ea hetero fotonittuKesshou 
, nX yoru „i*ari nanodehaisu no jitsugen" Kagafcu gijutsu shWu danhou 
dai 323 go (Realizing optical nano-devices using in-plane 
netero-photonic crystals. aapanese Science and Technology 

Corporation Journal, Issue 323) . 

If such photonic crystals are used as the color filter, in 
5 addition heing able to selectively transmit the primary colors of 
light , the color filter can adjust the direction of light propagation, 
and therefore further prevent color mixing. 
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[3] Third Embodiment 

The following describes the third embod im ent of the present 
invention. The solid-state imaging device of the third embodiment 
largely resenfcles that of the eecond embodiment, but differs in the 
positioning of the shielding film. ! 

PTG 4 is a oross-seotional view illustrating the oonstruction 
o£ a solid-state imaging devioe of the third embodiment. *s shown 
in FIG 4 . the solid-state imaging devioe 3 inoludes an N-type 
semioonduotor substrate 30! . a P-type semiconduotor lay« substrate 
3„ 2 light-receivingelements303R. 303G. and303B. insulation layers 
304 and 307, a light shielding film 305. oolor filter 306*. 306G 

and 306B, and micro lenses 308. 

j • ct-ractured such that the 

The solid-state imaging device 3 is structure 

P- tYP e semiconductor substrate 302. the light-receiving elements 
303R 303G, and 303B, the light-transmitting insulating layer 304, 
t he light shielding film 305, the color filter 306R, ,3060. 306B, 
end the micro lenses 303 form respective layers on! the H-type 
semiconductor substrate 301. The color filter 306R. 306G and 306B 
is composed of photonic crystals in the same way as the color filter 
of the tni^d second embodiment. 

it ispossible toprevent light f reentering light-receiving elements 
other than the light-receiving elements that light whose propagation 
S direction has b*en changed by the color filter 306R, 306G. or 305B 
wo uld normally enter. For example, in the case where there is obligue 
Tight which enters at the edge of color filter section 306G and which 
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could, if the light shielding film 305 were not present, enter the 
light-receiving element 303B, the color mixing that would otherwise 
occur due to the oblique light can, according to the third embodiment, 

be prevented. 
5 [4] Fourth Embodiment 

The following describes the fourth embodiment of the present 
invention. The solid-state imaging device of the fourth embodiment 
resembles the solid-state imaging device of the second embodiment 
in that it is characterized by the construction of its color filter. 
L0 The color filter of the fourth embodiment is formed by a 

dielectric multilayer film, in which a low refractive index material , 
such as silicon oxide (Si0 2 ) , and a high refractive index material. 
S uchassiliconnitride (Si 3 N 4 ) are alternately layered. It Jgoes without 
saying that the stacking direction of the layers constituting the 
15 dielectric multilayer film matches the stacking direction of the 
iayers constituting the solid-state imaging device 2. All but one 
of the layers constituting the dielectric multilayer film have 
substantiallythe same optical thickness. Here, the optical thickness 
of a layer is expressed as a value nd, which is the product of n 
20 denoting a refractive index of the material forming the layer, and 
d denoting the thickness of the layer. 

According to this construction, the thickness of the color 
filter can be reduced, and consequently, the distance between the 
light-receiving elements and the light shielding film shortened. 
25 Consequently, according to the fourth embodiment, the prevention 
of color mixing caused by oblique light can made more reliable. 

in order to improve collection efficiency of the micro lenses , 
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it is necessary to increase their collection angle. However, even 
when this is done, the solid state-imaging device of the fourth 
embodiments canprevent coloring. *s a consequence . it is possible 
to improve sensitivity o£ the solid-state image device while 
5 continuing to prevent color mixing. 
- [5] Pi! H i E u foodim nnt- 

Th - f1 1 ■ M -c-r tbu jau^ i1 nntni m -.gi .ugd c .i LLi.fTflf'-h 

ef-t ht ril L h ,mhn* i mu ,l i nn n n h nt ^ ll, t h e same 
10 tfc« eli d-^e^ag«g^^^ 

i^a^.u ucticn n f the^ icl c ctric rn nHAtaye^efeh*, 

rI - ^- - d^ l v i e w- illuotrati n gt he^st^e^ 

il ^ pge ^-^* i <i-^ate^^ 
15 semie e H d*ete^»^^ 

^O^ aght u h i^in g -^ IOC a ^n rf iW^*-^-" 



2Q .^u^^^ 

____^eo^ filter 40* ^fche^^e*^^ 
4^ b, lOGd an d /i^€#-£oj.i u altcrn nt-n ^aye^ 
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n c j , C T. to en fehfi m a nufacturing proccco -ef-^he 

ee l o i lil L-o r IOC , Nefee that Tl C n C A L u GC d o n o r eb ew -fehe^bfe 
Yielding f^ U b ai iaii jUL j, nrlHTi j o lu i u iL J 103R, 1 "^^ 
fe feeee b e in g in-nln^nn L Lu the m an ufacturing p roo ccn of t he-ee^e* 
5 ' l u u . l ii ll i-m j, n n nhu .n in TIC f? r , t hn Ti 

SiQ2- l a , e r IQCb, T ina l a . c r IQ Cc, S± Q 2 l a , ei IQCd ar c fp^med-fa^Se 

.L a te d uo-Jl H ip in . ulati u n lay ni. 1 0 1 u. in j > rniin f rnepeaey 

(RF) oputtering devic e 

_ — ^ ou i o r filter 4 0 0 u£ the fif th cmhodimpnt haoa A/ M3^t^yer 
10 s ^e W c ,i L h a d e.ijnrrl nnntn r ^ e l en gth X of ^ rv^^e^a 
^ayera lO G a and 1 0m, -m>iC*Q 2 layer 10Gb c^ efetevc oi l op tical th i nteess 
e^4^ D nm, a nd th e nioa^ayea^ CJ liaa an o pt i nal^h^kness 

Of— l-5G-BRVr 

^ L, a rcoicL G O io formed in a blue m y i o n on the f i03-^aye* 

15 ^^e-sh evre in FIG. rr S pe eiS j* * ^ L hcmH^^4^aed 
tey^g^yj^g-a^es ^ o nto the Ci oa-^aye^^ ub j ea ting t he ^*ed 
gesj^u Ui er mal p rnee^u iuj (p rnn uk e) , ui^Hing it tn U gte^ 
a ^ )es ^^ e ^ € ^eh^ W Lep per > dev cl^H^^j^-^e^al 
^^e^-a^g^i i c j u l .uiiL, ..nri nnnn a ga in j ubj cnHn j i 'w-tfeea^ 
20 preeee sxng (pujLb.,1 ■ ) T lir m°i.j L DO ha s a t h^ese-o l 1 fim. Here, 
t h e blue rc gie^s-a x eg i o n of tho nnle^i IPG do .i gnnd t o nnafe^e 
fe fee li g ht r evivi ng clement - 103D to d ct-n ot blue l ights 

l l LJ g. >h rnrt inn -f fehe SiQ 3-^ayeg m o d n uL u.r n -r^ by t ho 

^e fe b u U i .. 1 ^ r-rnVU m Gpecifical ^r-fe^^Lc hing is diy 

25 eUU iug usin g a G^as^ id i , c onducts H ^eo n d i Lio n, wh ere the 
.tun ing gaa i n r y±, t he g au £l u. > n tn in O ^ ee rn, t h e DT in r ™ nr 
ef-^O 0 W, and t he degree of vacuum io 0 . 0 -50-^er^ 
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j.aye i 10Cd G O, ^ n r^ 

, ;J l jjnfinn in fcfe € r mpn rfei on of one 
min ed witli aa am mmi xum flu oJ-xai 

■ bo four. - 

. lilirTr - a^^^eimigerta wM e. ^ * 1 ^ 

^^^^^ 



l5 ««-^-^ye^<i-iK^^ 
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^oa^-tu d et ect red light 

epfcle ul Lhiol mn nn - of Vl- j 
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- in thi 

P'r ^es^ . u uJ ^seg^^Y^e pr ecision e# 
L U l o r a cp ,r.r i ui i b, the nu l u r « llr r f rM * . improve d 

[C] Oixth Embodimen t - 

j j i ■, ^h nnnr^d^Lc i i naging drn^eee#a^facteh 

^^g-^e-^e-s ^ cmb odi m oa^as .uL .L ant i nl l y ^he-same 
eeast^^^^ 

e^eM ii L u. The ie j^^g ^ e se^bes th n ni^-e^bod i mc nt , p aying 
pagte 4e a3 ^fe ^e a to tho^ if^^ ,, u .Q i o df or oe3^^e^ 
rI C _ 7 j. to 7 ^ ili»n* e afeea the m nrmf aefea?Wfeees5^er-fehe 

15 ^.^^^B^ed^o^ riG,. 7A to . r.^s-fehc , n u c fro m F -SGs-r 
C A to 6B. - 

^^^^S^-^aye^ a ^ formed i n -fehe^e^edv-aad-^een 

toye^-uuC J tee cm o pt i cal thiolg icnj of 105 
25 s#***P**^^ 
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rod one, ^ee^ io^ of the S* Q3 l a . u i. , l ivin g t hn b3*»e 
^eg4ea- o£ the SiQ2 layer G06d- 

i4ca L , a m i n f oiu t c d in Ll i c Klim nnd-yLee u regi onn , 

ao shovm in FIG. 7D. 

1 ilv rr j 3 f o rmed ^ h>in blue, red an d 

Subsequently, an &*G 2r layer id J - UilULU 

^een^ giona, a^hu wui nriC. 7 E This new G i O^aye^s^^^ 

thidmcao of 45 nm. 

-m o l l, L h u il H i- ^u^d, leaving ^V^^ 
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t hat h , n b ee^ou u e d o n th e ron^-6^- Iii ot her »or dn, 
^e^ae^^^ui i ^gio n- n f fe fee-BiOa-^a y e* arc ^vedH^Bg 
-t-he-r^d l ey i o n o f fc fafi Pioa- l a y ^, an o hn v m ifi-E^-^^ 
____ togfe ^^Q a layer coto. -aritf^a ^ COCf , a nd ***ear±aye* 

- in riG. 7C ^ 

fe eab u . e d ^c a-i r t -inu i mp li ujUiil it i n r nnHb1^»feetee 

,u lid ot .tn i^Bg d e. iae of t ho^^ ^ od imcnt u nia^e 
^aauf^eWi uy m e thod n f ^e-sfaeQ i u ub o din inn i-, aae-^ha^he 

e^^eefe^^ i c m an ufactu re n g me^i e l at ing to t ho^fe^efe^ 
- C P .c ifiaally, v a^ie a o r fche^k ^e^^ 

fe^e^ ilL e, c an b e lmp t ^E^ / m ii iuo «h onnMH^^iWe 
A ^ii i y dev inn fo- be m an u ^- I n it d m th gre at pr ecisi on 

. [7] Seventh Embodimcnt - 

Th c r r aee< i fcfee a ■■ -nl i d sfeafe e ima g ing devd ne-^-a 

geyeR y^e ^ of the p roBeB^^L i u n. Liko t hos^h^eto^ 

L U e .u lid sfeafee -imag in g ae deo n f H ^e . entl i emb odi m ents 

eharae^.e^a^e^^ 
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substantial!, rcocmblcu the solid u L atc imagin g d e vice of the f iffeh 
eu ^ ud imcnt. Tl u . c vcr, the r ju lid state ima g ing devi ce u£, L hc seve nth 
em bodiment differs from tliaL of the f if L h e mbodiment in the follow in g 
m anner. Whil e the color filter of fi lt h embodime nt includes a n Bi Q 2 
layer that e xt ends across the red and blue rcgiono, a nd li as a diff erent 
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opt i c al th i c fa enn i n each of th e r ed and blue rcgiono, the color 
f il toi u£ the -rvnil h sHteeefeae ^ i fteludee in ^ina l a yer that furt her 
e x te n ds aegess the gree n region and has a diff erent opt ical t hi eteeee 
nLn-eaeh of the red, green, and blue rcgiono. 

10 rIGb . pa to OF illustrate the manufacturin g m e thod of t he roler- 

f il tox u£ Lhc -r-rrnr n Bmbeefeae^ T niMn l l^ a T in a layer 70Ca, an 
Sjoa^ay cr 70 C b, a TiOS layer 706c, -an^*n-S*Q2 - layer 70Cd arc f ormed 
*n-fc h o st ated order on an incu l afeie a ^yer 701, a s ^hown^n-FSG^ 
^^e-^Q 3 laj L-u 70Ca an d 7 nC c, and Si Q2 l a ^ i 70Gb ea ch h a ve 

15 an- op tical thiU u iess of > , /!, and the rin a l a , er 70 C d has an opt i ml 

thiclcncos of 105 nm. 

i Tuct. a rr - ii nt 7" ie £ re med in t h e green and blue rcgio n c on 
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fefee-^QS l a ^i. 70 C d. T he n, t he port io n o f the C iQ2 - layer 70Cd 
eeii-e spondin L, fee t he r eel reg i o n io r o mp e d b , et chin g, as ato m in 
no. 0D. This etching proccoo m a- , be dry ctuhing using a CF gao, 
or wet etching uoing hydro f luoric acid 

Stfe s ega - n - 1y. th< *e eh sfe i b r e moved uoin y a n org ani c sel ve afe 
ei fefee like, an d a resist 71 i ,. formed in t he^l ue r e gion o n-^he 
S±Q2 layer 706d, ao ohovm in FIG. 8C. 

N ext, an S io a- l a yer having a n optical thiclmcss o f S% nm-4^ 

i 

-far med aero, , Lhc entire RGB regi o n u ^ii i y a n nr s p^ fee^a ng^ee, 
as— shown in FIG . 8D . 
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^o- bc rcaligcdr 

10 maRuI a uLuii na pnri t " reduced, 
- [0] Performance Evaluation 
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The following describes the transmission characteristics of 

a dielectric multilayer film. FIGs. 11 A and 11B include graphs 
illustrating — the — transmission — characteristics — e€ — dielectric 
multilayer films which differ according to the lack or presence of 



5 a space r layer. Here, the transmi s sion characteristics s hown in FIGs . 
14A and 14D arc obtained using a matrix method based on a Frcsncl 
coefficient, for vertical incident light only, under conditions where 
the number of pairs is ten and the designed center wavelength is 
• 550 nm. In each of FIGs. 14A and IIP, transmitt a n c c i s plottcd -^a-leng 

10 the vertical axis, — and the wavelength of light incid e nt o n— the 
dielectric multilayer film is plotted along the horizontal axis. 

When the entire dielectric multilayer film composed of silicon 

nitride and silicon dioxide is a A/l multilayer film, th e di e lectri c 
mul- tilaycr film reflects light of a wavelength band centered around 

15 the designed wavelength, as shown in FIG. 14A. Here, this reflection 



bandwidth widens as the difference in reflection index 



between the 



low refractive index and high refractive index materials forming 



^the— m ultilayer film increases. 

On the other hand, when a dielectric multilayer film includes 

20 a spacer layer whose optical thic]mcos is not A/4, and A/ 4 multilayer 
films symmetrically structured on the lower and upper sides of the 
spacer layer, it is possible to obtain a color filter which transmits 
th e wav e l e ngths of the A/l multilayer film reflection bandwidth which 
arc in the vicinity of the designed wavelength, as shown in FIG. 
25 12D. Moreover, if the thickness of the spacer layer is varied, the 
peak wavelength can be varied. 

I*i — the — ninth — embodiment , — this — prop e rty — is — taken — Mite 
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consideration, and a dielectric multilayer film used L the color 
filter. The thickness of the color filter can then be of the order 
of the wavelength of the incident light (approximately 500 nm) . It 
is canscqucntlypossiblc to attain a smaller sizedsalid state imaging 
device, and e ffectively prevent the color mixing caused b y ob lique 
light. 

Further, since, according to the ninth embodiment, the color 

filter can be formed together with the light receiving elements using 

a-se-r-i cs of ocmi conductor manufacturing processes , the quality of 

i 

the — s olid state — imaging — devices — eon — be — s tabilized — and — the 
manufacturing costs reduced. 
— Tenth Embodiment 



The following describes a tenth embodiment of 



t he pres e nt 



inv e ntion. A solid state imaging device of the tenth embodiment ha s 
substantially the same construction as the solid state imaging devices 
relating to the above embodiments, but differs in the construction 
of the spacer layer included in the color filter. — In the above 
em bodiment s , — the wavelength transmitted by the color filter wa s 
exclusively determined by varying the thic]mcss of the spacer layer. 
In the tenth embodiment , however, the wavelength of light transmitted 
by the color filter is determined by forming the spacer, layer using 
two different materials without varying the thickness . Specifically, 
-i-n the tenth embodiment, the wavelength of light tr a nsm i tt ed by t h e 
color filter is adjusted by alternately disposing two materials of 



differing refractive indices in a direction parallel 



to the main 



surface of the substrate. 

FIGs. 15A to 15E illustrate the manufacturing method of th e 
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MefeheeU ei the M n,^ fe ^ H teeto a ^afees- iL p uua ibl e iff***-* 
gffia3;3:e ^ g e6^ 1ia u L atc im jlBH ^u., improve t he^d^*e. 

a^^ed^aee^^ 
5 met h o ds Q f tho -abeve-cii .b o dimcntP 

[13] Twelfth Embodiment 

^weve^-eha*^^ 
to be widened. 

^..^ee^A Lu IOC iH ^^afee- tu o u t a nuf a nt-nri^efehe^-tfee 
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of light, and reflects other wavelengths. This reflected light may, 
as a result of multiple rcf lectiono at the surface of the solid Gtatc 
imaging device for instance , enter light receiving elements other 
than the ones desired. This kind of problem can be solved by providing 
5 abs orbing me mbers on the color filter as in the fourteenth c mbodi mentrr 
sincc this enables noise generated by the reflected light to be 
suppressed. 

[16] MODIFICATION EXAMPLES 

Though the present invention ha s been descr ibed ba se d on the 

10 above embodiments, it is not of course limited to these embodim e nt s, 



and further includes the following modifications. 

(1) In the above described embodiments, the outmost layer in 

the col o r filter is always made of the high refractive index mat e r ia l 
(TiQ 2-K — However, — the present invention is not limited to such an 
15 arrangement, and the outmost layer may be made of the low refractive 
index material. 

FIGs. 21A to 21D illustrate the manufacturing method of a color 

filter whose outmost layer is made of the low refractive index mater ial 

Initially, a TiQ2 layer 1 6 06a, an Si0 2 layer 160 6 b, a TiO S layer 

I 

20 1606c, and an Si02 layer 160 6 d arc formed on an insulation lay e r 
1604, as shown in FIG. 21A. 

Next, the thickness of the Si0 2 layer lG06d, which is a spacer 

layer, is adjusted by etching as shown in FIGs. 21B and 21C. Lastly, 
a-^Fi0 2 layer 1 6 06c, an Si03 layer 1606f , a Ti0 3 layer 1606g, and 
25 an SiQ 2 layer 160 6 h arc formed, on the SiOS layer 1 6 0 6d and th e g r een 
region of the TiQ 2 - layer 1606c, as shown in FIG. 21D. 
FIG. 22 is a graph illustrating the tr ansmiss ion 
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charactcriatico . 

Th c MT H b nf a p iuL cotiv n m y oj. in Lli ia w a y nnnfe^es-fehe 

^e3Aa^ 4 L y qi id muULu rr mni stenee ul fehe uu l irl sfeafee im^«g^*ee 
to be improved. 

^4 In the abev e dcocripH o n of fc ke c mb odimpnt- n , -fche-prof ilc 

of t he micr o lene^ LJ c o f ^ .u l or f i 1 tor^ y J ^ . iblcd t hn pre#iAe 
eRi t epaee* 3 q ■ i Thr pm^nt ii i.cixL i u u, feeweve * fee RQ^Wteed 

Lu , u d i can irnnjaui l, an d in clnrio^e^e a u . in g modif ie^feieB 

example— 

rIC ^ 9tee wg 'i M i .,. - fil l- o r of ^H^-me dif ioation o -xamp^ 
te^H^- IG- ^aoo lnrfiW OCu I thin m odi f ieafeieB^^e 

uiL formed ui x oil incu li t . i ui i layer 1* 0 1. I u a ddition, nn -s*Q3-^ayeg 

IWKyfcu ^ . LU i U ^ u u i , ■ nri j^ t-ndx ua u-uK.1 1 Hi rt n^ n MBfa- 

ei-fche-eo l ux f il te r i pnr i n f orme d en LUu ju rf jnn of the-^^^ 
^6-v^h^es^^ 



lOO G g whiuli facca t l ic micro l u ib c o io f lnt 

rI C ^ g gr ap h i 1 Inefeeafeiag Lhc tran r-mi^i^ 

efea^a^j ^e e ul the c- olor^fee * 100C. Aa c om f*em^^-^ 
tu lu i ni L.r 1 n nn m-e*ec ll niL t.anc m i nni on Phux a ctor iati on , rtn^pifee 
of the prcj u i ou o f t h n rin g l a y e r lOOCg. 

ni l,], I Hi - rnn-ti I I I — ^ 1 ^ c a b ° 

■ge^e^-fene^- i u ia can be im pre^red^m d u t a nuf aaturin g-eesfes-red^eed^ 
ftaLl ^morc, t ho^e^e Reed to use n ^e.ses^.^^^ 

focal length for each color ■ • 

(1) T || „. afeeve a , t t ,,- Lp ti on o f Lhc emb oli m u nf, tho role* 
f-r-^er^lways f or med on t he^s^ i o u layer. Hewe ve^he^eseHfe 
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■lu ll u wiii ' j mnrti f i u a L i ui i nrnmpl n ~ 

modifica t ion example. - 

ftf -- — mi nn d ev«»Hte° 

.^^i^iea^iea^^s^a^*^^ 

parti ea 1 a iM le« ! *a< sl «««^ 
15 o u lor filter 1006 

^^.^.^easa**^*^^ 

aB^-abMgM^g Ut urn be r r™«** ol ...o r, r olinfety^- 

2 „ 6h& ^«e**a« i v«a^- i a y ««a^^ 
ieaa^-^^a^a^^^a-^*^^ 
fei M Sl *«« 1 a S ^ ii « 5 ^B« ! ^^ 

iB a e3 ^* i ^^aa^a^^- 1 e^^^ 
i!W *e«a yM ^*«M*«^^^ 
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4fe he u L u. £aoc u f fe he se ma rn n d u cLui) .nil prnfnriM ^ fall "ithin t hn 
uL u . ^a ngc. in uL h .x . urcln , i t U d u. ii ^ th u L t h e up ti cnl thinness 
ei-fefee-S4Q2 ^ay e ^ in conta cL yith th e- light-ree l i ng element s Rte 
l ^L 1 nmh i l ii i — fetes Hi. ^r nlnnLtL h u l li ght Li aiiomitt nrl by 

■the-ee- lor filter. - 

(n) T ,- n l1l t abeve dr ^ i iption o f fe he e mbo di m nr, ^ r 

^ L ul ui f ilt er to ^ea^ Ti OS-aad^ioa-^ayer^-^o^ 

f il le r con be u b L aiu -c l w fese hev e * of t hn Ti 92^^0 2 l a . e ro in ua oeL 

i 

as-fe he spacer layer. 

-«eweve^-frem-^ h c pu int of v j^v^i-fe^sm ife feaa aee, i t is 



preferable that the ^ r aeer-l^yer^^^^ 
ill u^LxaL iug t hn tr-ui.m i asion cb-u- actcristi co u f fe fae co l nr filto r 
^eee ^pae e ^ layer i n^ea ^ a ,^. As p eon f rn m ^^heH^e 
spae e* l ay er in a Tina - layer, non e o f the peak u. ai ium itt :innr^ for 

15 blue, green, and red reaches 90° < j. 

When-thc , pa ,u lay er i- nn-SiQS-laye r , on the efcfae-r-baad^ 

fefee -peafe Lr ansmit t- m .e o f e nch n £ blue, jr on n, and red * e 9SV-er 
tag he ^ as seen fe em- TIC. 10 for nimmple^ease ^ uiLl , , in color 
aiLuu liq.iuu ilM nmting B i oa^nd^G^eye^s^h^aeer-^y^ 

20 is prefe r ably an Si oa layer r 

li en,, the n r i i a3 ehiekfiees nf the spaeer layer i r preferably 



■ tranomittcd 



at least 1 nm but no more than a wa^ M .mgth of l ight 
by-fehe-f iltcr. An optical thi ek a eos within thio rang e^efeh-l-ewers 
-L U e r cflcct anee-^f- L h c spaee* layer nnri enables L h e jp aocr I n y o* 
2 5 fee-ae t a^ a b uf fer lny n r b et ween th n oilicon a u b^t^afee-and-efle-^iQ3 

layer . 

4^nc above dese^^^^ 
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feha^ee b ^en anrl h lnn rrg iu u, u f t he cnl n r f i TH^-ar^-arr^*^ 
i u n a.c r ar r-L ,. Th e f lln ^ iuy speej^ea^ deeeribea a r^irable 
arraBge m eu L ul iu l ynm, in* b l u e .ey i u ns n f t hn ^oler-^fce^ 

rI C , n nn . m . n-ran r TOOT LuIr cd, gmn n o ndblue ro gi ons 

ef-t-he-eeiuL f il te r of t hi - ™efef*eat i ui i e xample , ^hewiag 



LU i iL (£ourp i ^ o f Ll i e Da.cr nrrn y ftH ^e^ e^ :irr nmn g od 



4a ^H^«te i .. ui,» uii i L . fl ilnn i n mp ^u l. A u eee * f rn m FIG. 30, t , r n 
p j^ s uuL uf fcfee fn n r pa^ s f nrmi nj fe fee min inrn n t u n it u f t hn Pn y nr 
a-r-ra-y-defceefe blu e light, n nd-fche-^eu u ii-i ing few e pj^eete-defeee^ed 
10 ^igh-L oi id yrc cn l ig hL Le^p cetiv nly 

Du ,_ fee it"i it i I rnn-^^ hm-act eri ubica , th n color filter 

ha, a u rna!! .., rim m a m at l ™ " 8 m -i^ im a-fei b lue li g ht t hnn f or 
ged-e a a uu i ll -jlH- T V mr l^jiiia th e -ih nv c aiiai igc inrTit-, however 
^he-^aesbe.^er-^efeeefeii x y blue li ght-ea.^e-^eRe^-an^-^e 
15 eeaa itivity o f Ll ic ooli d u t atc itrn g iuy devie e imprr W d 

(,)!,,. lin gtnM , i - -^n .-i pM n n nf t-he4.ci i U i or ribodin. cnt, 

ae^eu ^ u are fo rm ed i n fe he ilJ j ■ ji * tbn Ti na-^ayer^d^Aed 



^ifeh-S*^ . H e w e v e *, Lin preset* in ^ uL i u u U u uL limitnd t o^eh 
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a^Haagu uiL, an d ^HeMe^ae^ .odif inntteH-CTte 

el^iu o. u , a nd f ill nd w ith^Q2 . lu a d.oar ^n n. ^te^ffaefetve 
ind eA o f thin re g ie* u f th n Ti o 3 ^ayer-ea^e d ef in e d by t hn m T res^ea 
Bhewa-^-L h e LeuL h arbnriimnnt -^IfeerR a Li , e ly, the greeves-may-^e 
provided conc e ntrically ■ ■ 

industrial Applicability 

The solid-state imaging device, the manufacturing method of 
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the solid-state imaging device, and a camera using the same, which 
are all of the present invention, are applicable as technologies 
to achieve a color solid-state imaging device having a smaller size 
and improved performance. 
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